JRRD, Volume 50, Number 4, 2013 viii terms of when and how to implement care. This reveals a need for further studies to answer basic questions regarding interventions, such as when a percutaneous endoscopic gastrostomy (PEG) tube should be placed in a patient or how early respiratory support should be provided. This information would help standardize practice parameters and allow for a higher level of symptomatic care in patients with ALS.
INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease of unknown etiology. However, there is good evidence to validate the theory that military service predisposes the individual to the future development of the disease [1] . As a direct result of these data, in 2008 ALS became a presumptively compensable illness for all veterans with 90 days or more of continuously active service in the military. This decision led to an influx of ALS patients into the Department of Veterans Affairs (VA) healthcare system and the development of a nationwide plan of care [2] . The implementation of this plan at the Cleveland VA Spinal Cord Injury (SCI) Division has been challenging. However, it has offered the opportunity to review current practice parameters that dictate the care of ALS patients in a new context. Using these parameters and considering the strengths and weakness of the VA healthcare system, we have made significant improvements to current practice and applied novel technology to care for ALS patients. Herein we describe these innovations and the foundation we have established to provide high quality ALS care.
BACKGROUND
ALS is a terminal neurodegenerative disorder. The management of patients with ALS centers almost entirely around symptomatic care. Although many studies have examined the role of particular interventions in prolonging survival after diagnosis or decreasing the rate of decline in physical ability, perhaps the most important studies guiding intervention have investigated quality of life (QoL) over the course of the disease. In 1999, the American Academy of Neurology (AAN) published the first set of formal practice parameters based on a review of the literature [3] . These evidencebased practice parameters were revised in 2009 [4] and included important updates on how care is administered, as well as recommendations regarding the use of the first disease-modifying agent available. The European Federation of Neurological Societies (EFNS) published parallel recommendations in 2005 [5] , with revised and updated practice guidelines published in 2012 [6] . A third publication in 2007 also summarized current evidence-based recommendations for care of ALS patients [7] . These three sets of recommendations are nearly identical and in many instances lack precise details in ventions and outcomes are discussed, and educational material is provided for the patient as well. The second barrier, not unique to the VA system, was patient compliance with NIPPV. NIPPV is difficult to use for many ALS patients; studies show documented compliance in less than 65 percent of patients, with compliance decreasing to 25 percent in patients with concomitant frontal temporal dementia [19] or bulbar onset disease [20] . To improve compliance, we developed several strategies used in tandem. First, if the asymptotic patient with normal or only mildly compromised pulmonary function expresses a desire to use NIPPV in the future, he or she undergoes a modified sleep study and is issued a device as soon as possible. This early administration is coupled with the advice to start using the machine for brief periods of time while relaxing and aggressive home respiratory support. Patients have a respiratory therapist visit to instruct them regarding use and inquire about comfort. This allows for early intervention to modify administration, thereby improving compliance. Furthermore, patients are reevaluated by the sleep medicine specialist every 3 months, at which time compliance is determined by interrogating data from the device and making modifications.
The concept of early NIPPV is not novel and there is evidence to support implementation. Lechtzin et al. reported a retrospective study on 102 ALS patients and found a survival advantage of 1 year in those provided intervention early (forced vital capacity [FVC] > 65%) [21] . Pinto et al. presented similar data in patients who were started on NIPPV because of nocturnal desaturations but not diminished FVC [22] . Patients in this study receiving early intervention also survived longer than those provided the intervention later. Patients provided early NIPPV (FVC > 65%) also have been found to be more compliant with device utilization [23] . Finally, Gruis et al. have shown that improving QoL by only 13.5 percent would justify the cost of initiating NIPPV at the time of diagnosis rather than when it is currently recommended [24] .
The current practice parameters recommend initiating NIPPV when the patient's FVC reaches 50 percent predicted or the patient complains of shortness of breath [4] . Other measured parameters, including sniff nasal pressure (SNP) and maximal inspiratory pressure (MIP), are also recommended as potential data that can be used to initiate NIPPV [4] . However, high-quality data supporting the timing of NIPPV initiation (FVC < 50%, SNP < 40 cm, or MIP < 60 cm) are not available. Interestingly, the EFNS guidelines state, "there is no clear evidence regarding the timing . . . for use of NIPPV" [6] . Another contributing factor to the current recommended timing of intervention may be Medicare guidelines that limit coverage of NIPPV to patients with a diagnosis of neuromuscular disease and FVC < 50 percent.
We recommend NIPPV be initiated at the earliest possible time point, with the highest level of ongoing support to encourage compliance. There is no evidence to wait until a patient's FVC is significantly compromised and no evidence to suggest that early intervention is harmful to patients. In contrast, there is evidence to suggest that early NIPPV prolongs survival and promotes compliance with treatment.
Diaphragm Pacemaker Implantation for ALS Patients
In September 2011 under a Humanitarian Device Exemption, the Food and Drug Administration approved diaphragmatic pacing (DP) using direct intramuscular electrodes for the treatment of respiratory failure in patients with ALS. DP had already been approved for use under a Humanitarian Device Exemption for patients with high-level SCI and ventilator dependence [25] . Its use in this population has been shown to support ventilator independence and improve QoL [26] [27] . The first ALS patient was implanted in 2005. The number of patients implanted since that time has been relatively limited, and the information available regarding the potential benefit to ALS patients has been equally limited. In 2007, a poster was presented detailing results of 16 implants [28] . The report demonstrated an increase in survival time in those implanted when compared with historic controls and a decrease in the rate of FVC decline after implantation compared with before. However, important details were not presented, including the source of the control group data. In 2009, this cohort was again reported on in greater detail with a second cohort of 20 patients [28] . Further details were later published in separate reports [27, 29] . In this report, FVC decline decreased from 2.4 percent per month to 0.9 percent per month. This was extrapolated to an increased survival time of 24 mo and a delay in need for artificial ventilation by 24 mo. However, some have suggested that the absence of important details makes it difficult to interpret the true significance of these results [30] .
We have offered DP implantation to six veterans with ALS ( Table 1 ) based on the original publication and the same cohort described in the 2009 article because of perceived low risk of complications and no evidence of a negative effect on survival time [27] [28] . To date, we have had six patients implanted simultaneously with DP and gastrostomy tube. DP implantation occurred early because the average FVC was 83 percent at implantation. Although our cohort size is limited and follow-up times vary, the change in respiratory insufficiency scores has been minimal for these patients and survival time from diagnosis appears prolonged ( Table 1) . This further suggests Table 1 . Diaphragmatic pacing (DP). Six patients were implanted simultaneously with percutaneous endoscopic gastrostomy (PEG) and DP. Patients tolerated procedure without complication, although usage of device varied as disease progressed and scores of respiratory insufficiency declined minimally.
Characteristic
Result Rate of DP Acceptance, % (n) 100 (6) Time to DP Implantation, * days (mean ± SD) 581 ± 441 ALSFRS-R † at DP Implantation (mean ± SD) 30.00 ± 9.14 ALSFRS-R Respiratory Insufficiency ‡ at Implantation (mean ± SD)
3.00 ± 1.09 x that DP may be beneficial. No complications other than mild discomfort when using the system have been reported to us. Given the lack of high-quality data regarding potential benefit to patients, we have been cautiously optimistic regarding our own patient population and plan on retrospectively reviewing survival compared with NIPPV patients matched appropriately in the near future.
ALSFRS-R Respiratory Insufficiency at

Early Percutaneous Endoscopic Gastrostomy Tube Placement
PEG tube placement is an important intervention as ALS progresses. Weight loss at the time of diagnosis independently predicts survival, underscoring the importance of maintaining nutritional status in ALS patients [31] . Enteral nutrition administered using a PEG tube has been shown to stabilize a patient's nutritional status [32] and prolong survival [32] [33] . The number of months survival is prolonged by PEG intervention is not clear but ranges from 3 to 8 months and likely depends on the degree of bulbar involvement the patient has [34] . The overall effect of PEG tube insertion on QoL remains somewhat controversial. The 2009 AAN practice parameters conclude that insufficient data were available to support improved QoL in patients with PEG [4] . The European task force recommendations reiterated this position [6] . Although various reports suggest a significant decrease in the decline in QoL as the disease progresses in patients after PEG tube implantation [35] , there are an equal number of published reports that fail to replicate this result [36] . In contrast, there is no evidence to suggest that PEG tube insertion and enteral nutrition decrease QoL or decrease survival time.
One of the most difficult decisions regarding a PEG tube is when it should be inserted. Unfortunately, there is no good evidence to help guide providers' or patients' decision-making process. The AAN practice parameters state that there is not enough evidence to support or refute a specific timing of PEG tube insertion [4] . The EFNS Task Force recommends that the decision be individualized based on multiple factors, including bulbar symptoms, weight loss, and respiratory function [6] . However, this publication goes on to state, "early insertion . . . is recom-mended." Although the precise time that PEG tube insertion should occur is unknown, we do know that when FVC declines below 50 percent of predicted, the risk of complications increases significantly [37] [38] [39] . These complications include respiratory failure requiring permanent ventilation. This outcome is particularly worrisome to those patients who desire PEG tube insertion but not artificial ventilation. In our experience, this represents the majority of patients. As expected, published reports suggest higher rates of morbidity and mortality in ALS patients compared with other patients undergoing PEG tube insertion. Beggs et al. published a review of 69 ALS patients and documented a postprocedure infection rate of 7.2 percent, with 1.4 percent developing peritonitis [40] . Bigard and Champigneulle reported a mortality rate of 0.6 percent in the general population [41] compared with reported mortality in ALS patients as high as 11.9 percent [42] . In our cohort, 77 percent of patients accepted and successfully underwent PEG tube placement ( Table 2) . ALS patients receiving elective PEG tube placement at our center had very low rates of complications (Tables 3 and 4) ; no mortalities have occurred. The most common minor complication was leakage around the PEG tube, occurring in 10 percent of patients. Two patients requested a revision to a button PEG tube ( Table 4 ). We were unable to insert a PEG tube in two patients, and one patient had successful insertion only after the second endoscopic attempt. The low complication rate in elective PEG tube placement is likely related to the FVC of our patients at the time of the procedure. The average FVC in our cohort was 69 percent of predicted measured within 30 days of the procedure, and only two patients had an FVC < 50 percent at the time of insertion ( Table 2) . Notably, in both cases in which we were unable to insert a PEG tube, the patients presented late in the disease course and FVC was <30 percent. In summary, we recommend PEG tube insertion at the earliest time point possible. The role of PEG tube insertion is discussed at the initial visit to our clinic, with emphasis on the importance of early insertion. If a patient is accepting, insertion is planned when consecutive pulmonary function tests (performed every 3 months) demonstrate a decline in FVC or routine screening modified barium swallow (MBS) studies (every 3 months) demonstrate abnormalities. There seems to be no good reason to delay insertion until FVC approaches 50 percent, particularly if button PEG tubes are being used. Delayed insertion simply increases the potential for complications, including the possibility of inadvertent artificial ventilation. Using this system, we have greatly limited morbidity and mortality relative to what has been reported in other ALS cohorts.
Telemedicine and Mobile Video Consultation
Telemedicine is a rapidly evolving application of healthcare that allows patients to interact with healthcare providers using telecommunication technology. In the VA system, telemedicine allows patients to present to a local VA and interact with our healthcare providers at the Cleveland ALS Center. This is done in the presence of the local VA healthcare team. This team then coordinates care locally for the patient and notifies the ALS center of results so that further recommendations can be made. An extension of this technology is mobile video consultation. Mobile video consultation is a secure, encrypted Skype-like system, whereby patients can interact with healthcare providers at the Cleveland ALS Center from their home computer. This is utilized by patients with slowly progressive disease or advanced disease when regular testing (pulmonary function tests or MBS evaluations) is not required. The primary advantage of this technology is avoiding travel while maintaining access to the care provided by an ALS center. The value of this approach becomes more evident as the disease progresses and patients become functionally tetraplegic, requiring a wheelchair and wheelchairaccessible vehicle or ambulance. Furthermore, as the disease progresses, bulbar involvement generally requires access to suction devices, cough assistive devices, and constant NIPPV or ventilator support. Organizing this level of transport is extremely complex and expensive and not available to all patients at all centers. The importance of this type of access to an ALS center has been demonstrated previously [43] .
There is only one publication addressing the utility of this technology in ALS patients. Pinto et al. reported that in ventilated ALS patients, home telemonitoring resulted in decreased emergency room visits and hospital admissions, with a trend toward increased survival [22] . We are currently following eight patients via telemedicine and four patients using mobile video consultation. We are following QoL, satisfaction with care, and survival time data in these patients to determine the usefulness of the technology in providing access to ALS Table 3 . Percutaneous endoscopic gastrostomy (PEG). Patients did not have any acute complications after PEG implantation. Long-term complications occurred in 18% of patients, but were all minor. specialty care to patients at a distance or to patients with significant disability prohibiting travel to the center. We calculate that using this technology has saved $34,137 in travel costs over the last year ( Table 5 ).
Characteristic
We recommend the use of telemedicine and mobile video technologies to allow access to specialty care at ALS centers for patients who live at distances that prohibit routine care or who have advanced in the disease process, making travel complicated, costly, and dangerous.
Equipment Reutilization
A final innovation unique to the VA system is durable medication equipment (DME) reuse. Because of the high cost of wheelchairs, respiratory equipment, and communication devices, we considered programs to improve efficiency at reduced costs. Working with our prosthetics department, we developed a program to recoup equipment that was issued to veterans with ALS but no longer in use and then reissue it to other ALS patients.
One of the most expensive items issued to patients with ALS by prosthetists is a motorized wheelchair. Wheelchairs for ALS patients are often custom-designed with alternate driving systems, ventilator trays, and elevating and tilting features. These features are unique to ALS patients (or high tetraplegic patients) and not used by all power wheelchair users. We established a protocol in which these custom wheelchairs are retrieved at end of life, cleaned, repaired, and stored separately from general power chairs at the DME warehouse. These custom wheelchairs can then be accessed and reused for other individuals with ALS. This allows our seating specialist to fit the pre-existing wheelchair to another patient without having to start from a base power chair. When a wheelchair is available, it reduces time required to issue a chair from 6 to 8 weeks to 2 to 3 weeks and substantially reduces the cost. The estimated savings from four re-issued power chairs was $55,500 ( Table 5 ).
Another commonly distributed category of DME is respiratory equipment. This includes biphasic positive airway pressure machines, cough-assistive devices, and pulmonary vests. In addition to the expense, delivery to patients was inefficient and, coupled with a need for in-home training, resulted in a significant time between the point of requesting this equipment to the time it could actually be used by the patient. In order to reduce cost, we began renting the equipment. This decision was consistent with the expected life span and prognosis of our patient population. We have also maintained a limited number of biphasic positive airway pressure devices in stock at our facility so that when a patient completes a sleep study, the device can be given to the patient on the same day. Our vendor then goes out to the home shortly thereafter to ensure compliance, comfort, and use, but also to replace the unit with a rental. The VA's unit is then returned, properly cleaned, and reused. Pulmonary vests and cough-assistive devices are also rented instead of purchased and delivered directly to the home by the vendor, reducing costs. Since initiating this program of renting and reusing respiratory equipment, we have saved approximately $153,067 ( Table 5) .
Finally, communication devices are also expensive and customized for patients with ALS. These units are retrieved at end of life and can be cleaned and reissued at a significant cost savings. This has been a recent addition to our reuse program, and we have currently re-issued two devices, saving approximately $36,000 ( Table 5 ).
The overall cost savings from our program over the last year is approximately $278,704 ( Table 5 ). 
